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the year 2004 brought along great consideration made by the European Commission in regard to the 
implementation of the Lisbon Strategy (Fucec, 2012a). Thus, the European Institute of Romania presented in a 
paper (Voinea, Pauna & Marinescu, 2011), the three main categories of action in the approach of the research-
development-innovation trinomial: a modern approach, a traditional approach and a group of countrys with 
peculiar approaches, different ones, hard to add up into one category. Thought Romania was not yet a member 
of the European Union at the time, still the European Commission considered it to be one of the countries with 
a special, peculiar approach. Also, it was found that in Romania fundamental academic research comes first and 
industrial innovation is not enough emphasized.  
Since we are dealing with the construction of a national strategy in this domain, specialists say that a 
diagnosis, as in a realistic evaluation of the state of evolution of Romania towards the knowledge-based 
economy “can only be achieved by means of an international comparative approach” (Nicolescu & Nicolescu, 
2011). Such an evaluation was conducted in 2004 by the Group of Applied Economics, and the results placed 
Romania nearly at the end of the European ranking, in the inferior part (Daianu et al., 2004; Nicolescu & 
Nicolescu, 2011). Though effort appeared to be put into the implementation of the Strategy, the fact that 
Romania was not standing on a good position was (and still is) a cause for concern.  
Another part of the global image which could help us estimate which is Romania's position from the 
knowledge-based economy perspective, is givern by indicators from Global Competitiveness Report 2012-2013 
(Schwab, 2012). A selection of relevant indicators from the perspective of the Europe 2020 objectives, shows 
the following situation of Romania: 
Table 1 - Indicators for Romania 
No. Indicator (selection) Value (1-7) Rank (total 142)
1. Intellectual Property protection 2.9 114 
2. Public trust in politicians 1.8 133 
3. Quality of primary education 3.5 84 
4. Quality of the educational system 3.1 108 
5. Quality of management schools 3.5 112 
6. Degree of customer orientation 4.0 116 
7. Availability of latest technology 4.2 117 
8. Firm-level technology absorbtion  4.1 116 
9. Broadband Internet subscriptions/100 pop. (%) 15.4 40 
10. State of cluster development 3.1 107 
11. Willingness to delegate authority 3.2 112 
Source: Global Competitiveness Report 2012-2013, p. 303 (Schwab, 2012) 
From the above presented data, we conclude that Romania has passed the first stage of transition, being 
presently in the stage of efficiency-driven economy. The desired final stage is innovation-driven economy, 
which we consider to be very close to knowledge-based economy. Regarding the status of innovation in 
Romania, the marks given in the same report strictly for innovation pillar (Table 2), are also relevant.  
The scores given in terms of innovation for Romania are all below average (about 3 out of maximum 7), 
except for those for the criterion of scientists and engineers availability, where our country got a score above 
average (3.8 out of 7). Overall, Romania's capacity to innovate is placed in the second part of the European 
ranking, namely rank 78 of 142, which again should be a warning signal, especially due to the fact that in the 
previous edition of the Global Competitiveness Report our country had better positions with certain indicators 
(such as the availability of scientists and engineers which was evaluated with 4.2). As a conclusion, we can say 
that Romania has a significant potential in terms of innovation, but too few resources are engaged in this 
direction, which can cause not only the delay of the transition to a knowledge-based economy, but also the loss 
of benefits that have hardly been obtained so far (cases where it was positioned above the European average). 
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Table 2 – Indicators referring to innovation in Romania   
No. Innovation indicators Value (1-7) Rank (din 142)
1. Capacity for innovation 3.1 77 
2. Quality of scientific research institutions 3.4 84 
3. Company spending on R&D 2.9 87 
4. University-industry collaboration in R&D 3.1 113 
5. Gov’t procurement of advanced tech products 3.1 114 
6. Availability of scientists and engineers 3.8 82 
7. PCT patents, applications/million pop 1.9 56 
Source: Global Competitiveness Report 2012-2013, p. 303(Schwab, 2012) 
The situation summarized above is completed and developed by previous research (Fucec, 2012b), who 
obtained quantitative results on Romania's position in the European landscape in terms of evolution to 
knowledge based economy. Starting from the 8 indicators that reflect the objectives of the EU2020 strategy for 
building knowledge-based economies, the author makes a principal component analysis and identifies two 
synthetic indicators, with which countries can be arranged in a list and analyzed more easily, due to the reduced 
complexity of the space dimensions. The two indicators are called Shame Factor and Environmental Concern 
Factor. They reflect the inverse of a country’s degree of development and the care shown towards the 
environment. We consider these two indicators as specific indicators of a knowledge-based economy. 
Therefore, based on them, it becomes more relevant to search a country in the European ranking for 
knowledge-based economy. In a work in course of publication of the same authors, a cluster analysis of 
European countries is shown; the results of this analysis based on the two indicators, point towards the 
existence of three categories or groups of countries. Looking at the group in which Romania is found, based on 
the analysis, we can substantiate the conclusions on its position in Europe. However, precisely for three 
countries, namely, Poland, Spain and Romania, the revealed results were ambiguous. The fuzzy results 
obtained for Romania, which is of great interest to us, impose a more stringent approach that enables to point 
our country's situation. The approach previously used consisted of an ascending hierarchical cluster analysis, 
namely an analysis (although quantitative) empirical in its essence, so the answer better placed in terms of 
quantity can come if we run a cluster analysis based on a partitioning algorithm. 
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2. Research methodology  
In order to improve the empirical effect of hierarchical cluster analysis as it was used in the work mentioned 
before, we call this time for a cluster analysis algorithm based on k averages. The algorithm of k averages is 
essentially a partitioning algorithm that works, as the name suggests, based on k averages (Ruxandra, 2001). 
The first step consists of choosing the cluster initializors (seeds), which are in number of k and can be chosen in 
several ways. In this case, the k initializors will be chosen in an unbiased manner, meaning at approximately 
equal distances from each other. Next steps are made for ascribe the remaining forms to each one of the k 
clusters previously defined by those initializors. After the algorithm is carried out for the first time and all 
forms are distributed to a cluster, the centroids of each class are recalculated and the algorithm repeats itself 
until the centroids no longer change. The main difference in comparison to a hierarchical cluster analysis, is 
that in the case of partitioning algorithms, the number of clusters is assumed to be known (k clusters). Now we 
will take into account a previous cluster analysis, for which the dendogram indicated three clusters. Thus, k for 
current analysis will be 3. Also, in the case of  the k-averages algorithm, the distance calculated between forms 
and centroid is of an Euclidean type. As one can see from the following calculation formula 1 (Wikipedia, 
2013), the Euclidean distance has the great disadvantage that it is strongly affected by errors due to squaring 
the difference between the two forms coordinates. 
      ࢊሺࢄǡ ࢅሻ ൌ ඥσ ሺࢄ࢏ െ ࢅ࢏ሻ૛࢔࢏ୀ૚                                                                    (1) 
Where: 
d(X, Y)  - represents the distance between vectors X and Y. 
X, Y – represent  n-dimensional vectors. 
The cluster analysis will be carried out using Statistica 8 software with option Multivariate Exploratory 
Techniques, Cluster Analysis. The data used are the results of the Principal Components Analysis (Fucec, 
2012b), related to 30 European countries for 2010 and also primary data collected from official sources 
(European Commission, 2012). 
3. Results and interpretation  
The developed analysis indicates the following main results, each of them being explained in context, as 
follows: members of each cluster, the distances between clusters, descriptive statistics for each cluster, and the 
analysis of statistical significance. 
3.1. Members of each cluster and distances from respective cluster centre 
Table 3 contains the countries, their allocation on clusters, and the distance from each country to the 
centroid or average-vector of the cluster that includes that country. Thus, it appears that the partitioning 
algorithm has allocated the countries in the three clusters, as follows: 
• Cluster 1: Germany, France, Italy, United Kingdom; 
• Cluster 2: Bulgaria, Czech Republic, Estonia, Latvia, Lithuania, Hungary, Romania, Slovakia; 
• Cluster 3: Belgium, Denmark, Ireland, Greece, Spain, Cyprus, Luxembourg, Malta, Netherlands, Austria, 
Poland, Portugal, Slovenia, Finland, Sweden, Iceland, Norway, Switzerland. 
Distances from each form to the cluster center shows us which country is the most representative within the 
group. For example, in the first cluster, France and United Kingdom are spaced closer together (17.20302, 
respectively 20.76737), while Germany and Italy are in the same situation (52.15141, respectively 48.24000). 
However, France, closely followed by United Kingdom are the most representative forms for this cluster.  
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Romania is in cluster 2. Following the distances in the table, one can observe that the most representative 
form of this cluster is Bulgaria, followed by Slovakia. Hungary, Romania and the Baltic States are at 
approximately equal distances from the cluster centroid, which means they are about in the same stage of 
transformation into knowledge-based economies. Czech Republic is slightly more distant in the cluster, fact 
which puts it a distance from the objective pursued by this analysis. In comparison, we can say that Romania is 
on a better position than Czech Republic in terms of reaching the stage of a knowledge-based economy. 
If we look also at cluster 3, we can observe that countries representative for this cluster are Austria, Greece 
and Finland, which appear to be on the same stage of the ranking, at distances of about 4.5 from the cluster 
center. The most distant cluster forms are Cyprus and Poland (46.17635, respectively 47.41894), but Spain 
stands out by far (located at 63.56882 to the cluster center). 
Analyzing the distribution of countries by clusters, we conclude that the cluster that includes Romania is the 
most homogenous one. There is no form located as far from the cluster center so as to raise question marks. As 
seen in cluster 1, the biggest difference between two countries (the maximum amplitude) is 34.94839 (between 
Germany and France), in cluster 2 it is 18.6882 (between Bulgaria and Czech Republic) and in cluster 3 it is 
59.31139 (between Spain and Austria). The cluster that includes Romania seems to have a rather small 
intraclass variability which indicates that Romania could be clearly located, based on concrete foundations. 
Table 3 – Members of each cluster and the distance from the cluster center 
No.  Cluster Country Distance from Cluster Center 
1. Cluster 1 Germany 52,15141 
2. Cluster 1 France  17,20302 
3. Cluster 1 Italy 48,24000 
4. Cluster 1 United Kingdom 20,76737 
5. Cluster 2 Bulgaria 1,85641 
6. Cluster 2 Czech Republic 20,54461 
7. Cluster 2 Estonia 9,49352 
8. Cluster 2 Latvia 13,67345 
9. Cluster 2 Lithuania 12,86709 
10. Cluster 2 Hungary 11,02413 
11. Cluster 2 Romania 12,43843 
12. Cluster 2 Slovakia 6,62674 
13. Cluster 3 Belgium 18,65522 
14. Cluster 3 Denmark 18,90340 
15. Cluster 3 Ireland 13,79618 
16. Cluster 3 Greece 4,78504 
17. Cluster 3 Spain 63,56882 
18. Cluster 3 Cyprus 46,17635 
19. Cluster 3 Luxembourg 23,28887 
20. Cluster 3 Malta 36,42855 
21. Cluster 3 Netherlands 27,33158 
22. Cluster 3 Austria 4,25743 
23. Cluster 3 Poland 47,41894 
24. Cluster 3 Portugal 9,46980 
25. Cluster 3 Slovenia  19,99750 
26. Cluster 3 Finland 4,34254 
27. Cluster 3 Sweden 18,49679 
28. Cluster 3 Iceland 28,89768 
29. Cluster 3 Norway 5,05768 
30. Cluster 3 Switzerland 6,68718 
Source: authors, using Statistica 8.0 
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3.2. Euclidian distances between Clusters 
The distances between clusters indicate aproximately how different clusters are. The distance between 
Cluster 1 and Cluster 2 is 153.4611. The distance between Cluster 1 and Cluster 3 is 141.8417. The distance 
between Cluster 2 and Cluster 3 is 41.81.  
As can be seen, clusters 2 and 3 are quite close together, especially compared to the distance from cluster 1. 
Cluster 1 is detached from many points of view, but our attention is currently focused on cluster 2, where 
Romania is included. What we can conclude here is that cluster 3 is the best, in terms of our analysis, because it 
is closer to cluster 1, which obviously is the strongest. Cluster 2 appears, thus, to be on the worst position. 
3.3. Descriptive statistics for each Cluster 
The descriptive statistics found in Table 4 give us information on the degree of homogeneity within clusters 
and some general features of each cluster. Analyzing the average for the Shame Factor for each of the three 
clusters, one can see that the first cluster is the strongest in terms of economic development and at a significant 
distance from the other two clusters. Cluster 2, the one that includes Romania, has a higher average for Shame 
Factor, which indicates again that this cluster contains countries with the lowest economic power. In terms of 
the second factor, Environmental Concern Factor, the results are mixed: first, countries in the second cluster 
give less attention to the environment, which is the case of Romania, too. For clusters 3 and 1, we can see that 
the average is higher for cluster 3, which could make us think that countries in this cluster are more 
environmentally oriented than countries in cluster 1. But the fact that in cluster 3 we have 4.5 times more 
countries than in cluster 1, prevents us from fully validateing this hypothesis. 
The standard deviation and variance confirm the hypothesis mentioned above, that cluster 2 is the most 
homogeneous; the dispersion and standard deviation are smaller compared to other clusters, fact which means 
that the countries included in this cluster have similar distances from the cluster centroid and thus have similar 
features and positions towards the achievement of the knowledge based economy phase. 
Table 4 – Descriptive statistics for each cluster 
No.  Cluster Indicator Shame Factor Environmental Concern Factor 
 Cluster 1 
(4 members) 
Mean  -176,774 -0,811 
1. Standard Deviation 61,354 9,225 
 Variance 3764,304 85,092 
 Cluster 2 
(8 members) 
Mean  36,743 -39,683 
2. Standard Deviation 13,663 12,364 
 Variance 186,669 152,857 
 Cluster 3 
(18 members) 
Mean  22,953 17,817 
3. Standard Deviation 34,103 21,269 
 Variance 1163,019 452,379 
Source: authors, using Statistica 8.0 
3.4. Plot of means for each cluster 
The plot of means for variables, shown in Figure 1, is basically a graphical representation of a part of the 
results above. Given that the two variables from the analysis are approximately the same size, the chart of 
means highlights the discriminatory power of the variables. In other words, it indicates to what extent each 
factor contributed to the separation or division of countries into groups. As seen, the averages for 
Environmental Concern Factor are about in the same area, so it is obviously discriminatory variable is the 
Shame Factor. Countries were divided into clusters of priority depending on the degree of economic 
development. This explains why Cluster 1 is detached from the other two and why some countries cannot be 
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included in this first cluster. Taking into account this factor of economic development, we will not be able to 
place in the near future a country like Romania in the same class or group with countries like France or 
Germany. 
Fig.1. - Plot of means for  each cluster 
 
Source: authors, using Statistica 8.0 
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3.5. Analysis of variance 
The statistical significance of the results presented to this point is shown in Table 5. The first indicator 
(Between SS) is the inter-class variability (for instance between clusters), the variability that is desired to be as 
large as possible, so clusters could differ one from another. We have only two degrees of freedom, because the 
clusters assignation was done after 3 iterations. The third indicator is the intra-class variability (Within SS), 
meaning the degree of homogeneity within the cluster; we want this to be as high as possible, in order to have 
similar forms in a cluster. The two variations are distributed by Fisher distribution law, so the next indicator is 
the value of F test followed by probability 0, which means the results validation. 
Table 5 – Analysis of variance 
 
No. Indicator Shame Factor Environmental Concern Factor 
1. Between SS 145280,4 18314,5 
2. Degrees of freedom(1) 2 2 
3. Within SS 32370,91 9015,72 
4. Degrees of freedom(2) 27 27 
5. F value 60,58790 27,42377 
6. Significance probability 0,000000 0,000000 
Source: authors, using Statistica 8.0 
 
4. Conclusions 
The purpose of this research is to obtain additional information to better place Romania in the landscape of 
European knowledge-based economy, in the light of Europe 2020 strategy and the indicators used. The results 
complement previous research on the same subject: it seems that in dividing countries into groups, the degree 
of economic development weights a lot, much more than Environmental Concern factor does, which may be 
more relevant in this analysis. It is true that Shame factor includes factors such as oil consumption, the level of 
unemployment or education or research and development costs, but this can be an obstacle in the proper 
allocation of countries in clusters. As mentioned, Romania will never be framed in the same cluster with 
Germany in terms of these indicators. This comes to support the conclusions previously obtained: although 
Romania seems to be located in a qualitative weaker cluster, it has very favorable prospects for developing a 
knowledge-based economy: important indicators can reach values so as to place the country on a much stringer 
position. Of course, such an economy cannot be at the same level with indicators in Germany or indicators in 
cluster 1, but levels held to certain indicators and alternative sources of information on key areas of the 
EU2020 strategy (as, for example, sustainable development and investments in renewable energy) indicate an 
increased potential for Romania. Although placed in cluster 2, Romania is the most distanced from the center 
of the cluster. If it improves at least some indicators where possible, it could easily make the step to cluster 3, 
approaching Poland, which is, after all, a country whose model Romania could follow in order to obtain 
economic development and not only Romania, but also other countries from Europe and especially in Central 
and Eastern Europe. It was not by chance that in the previous analyzes an ambiguous situation resulted for 
Spain, Romania and Poland. Spain no longer fits in the highest ranked cluster, Romania no longer occupies the 
privileged rank 5 of the European ranking (Fucec, 2012b); we can, however, estimate that there are similarities 
between the evolution of Romania and Poland. The main way to speed up construction of knowledge-based 
economy remains economic development because it draws along the development of other areas of interest. In 
addition, it is necessary to pay attention to areas recently in spotlights, such as innovation or green energy, 
because this way Romania will manage to develop the local advantages it has in these areas. 
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